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I From small beginnings, Thomas Swan & Co of Harston, Cambridge, OK, has built a solid reputation in the 
MOCVD field based on engineering excellence and collaborative developments with customers. Modest 
about its achievements, the company is strongly positioned for future growth led by the current explosion of 
interest in gallium nitride. 
T 
he Scientific Equipment 
Division of Thomas Swan & 
Co Ltd started trading in 
1983, with a clear objective: "The 
design and manufacture of equip- 
ment to exploit the potential of 
MOCVD". At that time it was not 
obvious whether epitaxy of com- 
pound semiconductors would con- 
tinue to be dominated by 
molecular beam epitaxy (MBE) and 
liquid phase epitaxy (LPE). Our 
aim was to supply well-engineered, 
simple equipment at a fraction of 
the price of MBE systems, in order 
to challenge these technologies. At 
the time, commercial metal organ- 
ic chemical, vapour deposition 
(MOCVD) equipment tended to be 
over-complex, and did not "always 
address key technological issues. 
Many research systems were 
home-made and were, therefore, of 
variable standard, dependent on 
the skills of the engineers and 
technicians who built them. 
• Results obtained up to that time 
were also variable, dependent not 
only on the quality of the equip- 
ment, but also on the precursor 
quality and on the skill of the oper- 
ators. 
Initially, equipment supplied by 
Thomas Swan was basic - very ba- 
sic. However, from the outset, it in- 
corporated a special reactor input 
manifold, the 'Epifold', which was a 
re-engineered version of the con- 
cept developed at the Royal 
Signals and Radar Establishment 
(RSRE), Malvern, UK (now DERA - 
the Defence Electronic Research 
Agency). This, together with a sim- 
ple horizontal reactor licensed 
from the Britich Telecom Research 
Laboratories (BTRL), Ipswich, UK, 
formed the basis of the first sys- 
tems sold.Thomas Swan simply ap- 
plied engineering excellence 
around these central items and 
were able to supply a large number 
of systems for research applica- 
tions to a number of leading re- 
search centres of excellence, 
particularly in the USA. At the 
same time, the quality of precur- 
sors was improving and, as a num- 
ber of systems were in the hands 
of experienced and creative 
Figure 1. Output face of showerhead injector. 
process engineers, the results ob- 
tained were world class, particular- 
ly for long wavelength quaternary 
devices. 
The main strength that Thomas 
Swan brought o the market was 
engineering excellence. This was 
particularly manifested in the sim- 
plicity of the equipment offered. 
The company initially had little 
growth expertise, no process de- 
velopment, and very little sci- 
ence. However, we supplied equip 
ment that produced state-of-the-art 
performance. Clearly this position 
was vulnerable as customer expec- 
tations increased and guaranteed 
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Figure 2. Pressure distribution across showerhead after optimization of input geometry. 
performance became ssential.The 
opportunity to collaborate with a 
customer, the University of Gent in 
Belgium, arose, and from small be- 
ginnings the relationship developed 
and a programme of process devel- 
opment has evolved. Initially, the 
collaboration resulted in the devel- 
opment of the 1 x 2" or 2 x 2" hori- 
zontal reactor, again mainly targeted 
at InP-based long wavelength ap- 
plications. Most systems upplied, 
until 1994, included this reactor, 
for both research and production. 
InP forces 
improvements 
It was appropriate that, at that 
time, the main outlet for the com- 
pany's systems was for InP-based 
devices. Generally there was a 
need for precise composition con- 
trol (particularly for quaternary al- 
loys), abrupt interfaces at an 
atomic level, good uniformity and 
repeatability. At the same time 
there was little pressure to process 
large numbers of wafers simultane- 
ously, for this application. By pay- 
ing attention to detail in the design 
of the gas input system we were 
able to meet the stringent de- 
mands required by leading-edge 
InP-based evices. 
The uniformity obtained in the 
horizontal reactor is acceptable for 
most users. However, there has al- 
ways been a need to improve uni- 
formity, as the expectations of 
users become ever more demand- 
ing. In many cases, uniformity can 
be improved by rotation of the 
wafer, particularly if the nonunifor- 
mity is a linear graduation from 
one side of the wafer to the other. 
Unfortunately, most rotation mech- 
anisms have an intrusive influence 
on the geometry of the reactor, and 
hence on the gas flow dynamics. 
With this in mind, Bellcore (based 
in Redbank, New Jersey, USA) pro- 
posed and patented a gas bearing 
rotation mechanism which was ap- 
plicable to a conventional horizon- 
tal reactor. Thomas Swan offer this 
enhancement to the standard hori- 
zontal reactor, under licence, and 
the performance has been im- 
proved for some applications. 
Irrespective of improvements 
to the engineering of the gas sup- 
ply system, the incorporation of in- 
dium could not be controlled 
adequately.This was because of the 
variability of vapour pressure, re- 
sulting from the fact that trimethyl 
indium (TMI) sublimes from the 
solid phase to the vapour, making 
the 'pick-up efficiency' dependent 
on the geometry of the material in 
the bubbler. As part of a UK 'Link' 
scheme, it was shown that the 
vapour pressure could be deter- 
mined, in situ, by measurement of 
the speed of sound in the reagent 
gas stream. Thomas Swan devel- 
oped the 'Epison' based on these 
principles, for measurement of 
alkyl concentration r vapour pres- 
sure. Soon this was developed fur- 
ther to provide feedback, ensuring 
that the transport of metal organ- 
ics to the reactor was independent 
of fluctuations in vapour pressure. 
This product is offered as a feature 
on Thomas Swan systems and as a 
stand-alone unit, and has made a 
major contribution to composition 
control in MOCVD, worldwide, on 
many commercial and 'in-house' 
systems. 
The engineering aptitude of the 
division led to the development of
a number of customized reactors. 
Special reactors have been sup- 
plied for research applications, 
based on user-specified concepts. 
These have included a number of 
vertical and horizontal reactors, 
with custom configurations and 
for special applications. For exam- 
ple, for the deposition of some ox- 
ide materials, the low volatility of 
the precursors requires them to be 
held at an elevated temperature, 
and at reduced pressure, with the 
consequence that the delivery 
pipework needs to be heated, typi- 
cally up to 250°C, to prevent con- 
densation. Furthermore, the 
temperature should not be too 
high owing to the instability of the 
precursors, making it impractical 
to heat trace the tubing. For this 
application, the whole of the gas 
delivery system is contained with- 
in a constant temperature oven, 
and all components are specially 
adapted to operate in this extreme 
environment. A special Epison 
composition analyser was devel- 
oped for such applications, which 
operates at 150 torr and 250°C. 
The performance quoted for this 
design for the production of 
high-temperature superconductor 
(or HTc) devices - justifies the 
technical approach taken. 
Alternative 
configurations 
By 1994, the general performance 
expectations for reactors had in- 
creased to such an extent hat con- 
ventional horizontal reactors were 
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Figure 3. Cut-away section of 3 x 2" vertical reactor. 
unable to meet the uniformity and 
reproducibility criteria of many 
users. The focus turned to reactors 
with an alternative configuration 
to improve the performance. It was 
also apparent that for multiple 
quantum well structures between, 
for example, GaInAs and InP, 
switching from an arsenic-contain- 
ing layer to a subsequently grown 
arsenic-free layer could not be ide- 
ally achieved.This i  because of ad- 
sorption of arsenic onto the 
susceptor in front of the wafer, 
which is then released after the ar- 
sine is switched off. In order to 
eliminate this effect, we were 
asked to produce a single wafer 
vertical reactor based on an earlier 
design, and used routinely for 
GaAs-based structures. In this de- 
sign, process gas is introduced 
through a mesh about 120 .ram 
above the wafer, and flows down 
to make contact with the wafer be- 
fore contacting the susceptor. 
Consequently, any arsenic released 
following adsorption by the sus- 
ceptor would not be incorporated 
into the wafer. When used for the 
growth of InP-based material, it 
was found that the flow regime 
was unstable. Performance was 
variable and there was strong evi- 
dence of thermal buoyancy driven 
recirculation cells above the wafer. 
The parameter space for reason- 
able performance, in such reactors, 
is narrow. 
To overcome this, the distance 
between the input and the wafer 
was reduced to about 1 cm in or- 
der to create a forced flow, thereby 
avoiding gas flow instability and 
turbulence. In order to engineer 
this, it was necessary to water cool 
the gas input. The showerhead in- 
jector developed to achieve this is 
shown in Figure 1. The uniformity 
of distribution provided by such a 
showerhead is illustrated in Figure 
2. The principles of operation of 
this reactor can be inferred by ref- 
erence to Figure 3. 
Initial results obtained were 
encotwaging, and it was concluded 
that the design could be applied to 
multiwafer systems. Consequently, 
a 3 x 2" wafer system was built, 
and installed at Gent for process 
development. I  was very easy to 
establish growth conditions to give 
a standard deviation in thickness 
below 1%, over the three wafers, 
and composition uniformity repre- 
sented by a standard eviation of 
around three nanometres in 
the photoluminescence (PL) wave- 
length, for various compositions of 
GaInAsP. An example of a PL map 
illustrating the latter is shown in 
Figure 4. The interface abruptness 
is excellent, for both GaAs/AIAs 
and InP/GaInAs based heterostruc- 
tures, with roughness on the 
monolayer scale being demonstrat- 
ed for GaAs/AIAs composites. 
Figure 4. Photoluminescence peak wave- 
length map of bulk 1.1 t~m emission wave- 
length GalnAsP. 
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mented in the new showerhead 
reactor by the provision of sepa- 
rate input plenum chambers 
separately connected by numerous 
capillary tubes to the water- 
cooled output face of the injector. 
A single wafer reactor of this style 
was also installed at the University 
of Gent, and the process develop- 
ment programme has been sup- 
ported by Thomas Swan. This 
progranmae has resulted in good 
quality GaN, with excellent crystallini- 
ty and morphology. A perception of 
the GaN morphology attainable can 
be gained by inspection of the 
atomic force microscopy (AFM) 
image shown in Figure 7. GaInN 
has also been grown with high 
(41%) indium content. 
Certain far-sighted customers 
have extended the concepts fur- 
ther than we have been able to 
demonstrate, both for InP-based 
quaternary growth and for GaN. 
These include showerhead reac- 
tors for processing five 2" wafers, 
with a quaternary composition 
uniformity represented by a 3 um 
standard eviation in the PL wave- 
length. We have also supplied 
showerhead reactors for the depo- 
sition of GaN on 3 x 2" wafers, 
on an experimental basis. Our 
commercial customers for this 
have expressed satisfaction with 
the performance, in terms of the 
quality of the layers grown but, 
owing to commercial considera- 
tions, detailed results are not 
shared with us. 
Figure 5. Cross-sectional transmission electron microscope (TEM) image of an InP/GalnAs 
multilayer structure. 
Figure 5 illustrates the interface 
quality achieved in an InP/GaInAs- 
based multilayer structure, while 
Figure 6 demonstrates an interface 
roughness of 1-2 monolayers at a 
GaAs/AIAs heterojunction. 
separate them until they are close 
to the substrate. This was imple- 
Building for growth 
The company is seeing a signifi- 
cant increase in demand for its sys- 
tems.This demand results from the 
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GaN sets the pace for 
change 
Again, by 1994, the interest in 
gallium nitride and associated 
compounds was increasing. As 
there is significant pre-reaction 
between ammonia and trimethyl 
gallium (TMG), it is necessary to 
Figure 6. High-resolution TEM image (lattice image) of GaAs/AIAs interface showing interface 
abruptness on the atomic scale. 
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Atomic Force Microscopy image of C-aN morphology 
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Figure 7. Atomic force microscopy image of GaN morphology. 
explosion in activity in the GaN 
sector, which does not appear to 
be subsiding. This is coupled with 
appreciation of the benefits of the 
new range of reactors being sup- 
plied, and a reputation for cus- 
tomer support built up over the 
past ten years. However, we are not 
claiming that we have the solu- 
tions to all problems in this com- 
plex and still emerging technology. 
We strive to improve our technical 
position, which we present clearly 
and honestly, without exaggera- 
tion. For many years Thomas Swan 
was content with a modest expan- 
sion of its business. Now that we 
have reactors that can form a solid 
platform for developing the busi- 
ness, we have reactors which form 
the platfoian for growth in a com- 
plex technological rea that is set 
for expansion over the next 
decade, our task is to manage this 
expansion while still maintaining 
our traditional customer service. 
The reorganization ecessary to 
accommodate such expansion is 
well advanced. 
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